Purpose − The paper aims to explore staff practices in using e-learning to embed sustainability literacy, highlight best practice and determine areas for improvement.
Introduction
To achieve sustainability for human and ecological systems, universities must "become leaders in the movement to prevent global ecological collapse" (Moore, 2005, p326) . The "development of sustainability literacy as a 'core competence'" is a priority at the heart of this (Dawe et al., 2005, p4) . This paper focuses on how student sustainability literacy (SSL) can be embedded in the curriculum in Higher Education (HE), and in particular, explores current practice in using e-learning to achieve this.
Whilst there is already literature both on developing SSL, and on the value of e-learning, little has been published about the specifics of using e-learning to support SSL. Elearning remains an area of interest and development that can provide effective and imaginative ways to embed SSL. This paper takes an empirical-analytical approach to exploring how e-learning is currently used to develop SSL: outlining the theory and practice of SSL and e-learning pedagogies, proposing a framework for analysing SSL practice, reviewing current practice, and making recommendations for further research which may assist in improving practice in this area.
Background

Sustainability literacy
Guidance about embedding SSL in education has developed considerably over the last decade, but remains a complex conceptual field, with a variety of definitions and frameworks for analysing practice.
We define sustainability literacy as: having the understanding, skills, attitudes and attributes to take informed action for the benefit of oneself and others, now and into a long term future (adapted from Forum for the future, 2004) . This definition echoes the teaching of sustainable development but avoids rather focusing only on developing conceptual understanding or only focusing on disciplines of environmental science, and specifically aims to foster the ability of students in any discipline to take effective and appropriate action. This definition is arrived at by synthesising various learning outcomes and characteristics as described below.
Authors such as Moore (2005) and Dawe et al. (2005) provide useful guidance in considering the university context for change and highlighting staff attitudes and approaches. However, it is more useful to focus on learning outcomes as they are particularly important for academic staff and inform both the design of the curriculum and interactions with students.
The Centre for Sustainable Futures describe four kinds of learning outcomes: "knowledge/understanding", "cognitive/intellectual skills", "key/transferable skills", and "practical skills" (Sterling, 2008, pp. 6-7) . This provides a valuable foundation, and the approach is supported by others who focus on competencies, e.g. Brundiers et al. (2010) . These learning outcome types can be split into conceptual development and skill development outcomes. Conceptual development ensures that learners have an understanding of the interrelated nature of complex and seemingly intractable sustainability issues in the real world, and the pantheon of cognitive, personal and practical skills are clearly fundamental to the graduate toolkit. More specifically, skill development for SSL could include deepening cognitive skills (e.g. holistic, interdisciplinary, critical, and systems thinking) and increasing competence in practical skills (e.g. analysis of environmental or social impacts). However two further areas of importance for developing SSL are mentioned in the literature but are not included in these competency outcomes: student identity and the development of confidence.
Identity development involves the consolidation of personal values and identity aligned with achieving sustainability. A commitment to taking action is important, and "changes in values, attitudes and behaviours" are expected as outcomes of effective education for sustainability (Warburton, 2003, p. 50) . Similarly, Bonnett (2010) links attitudes towards the environment with a sense of personal identity.
Development of confidence is essential in ensuring that individuals are empowered (Stibbe & Luna, 2009 ) and "ready to make the leap from 'I know' to 'I care' to 'I'll do something' " (Cotgrave and Kokkarianen, 2011, p. 212, adapted from Orr, 1992) . This belief in the likelihood that they can modify personal, social and business processes which impact on sustainability therefore relates to self-efficacy and self-confidence. Confidence is better described as an attribute than a skill, and as such may need different approaches to student development, and therefore belongs in a category of its own.
Elaborating on this summary of relevant work and on our definition, we arrive at the following four developmental areas required for SSL to be successful. These provide a framework which will be used to analyse the approaches taken in the literature review: a) conceptual awareness of sustainability issues in the real world b) personal identity and values aligned with achieving sustainability c) competence in skills which can contribute to achieving sustainability d) confidence in an ability in contribute to achieving sustainability.
Developing student identity, cognitive processes and confidence are challenging teaching tasks, and pedagogical transformation may be needed to enable these within HE contexts. Many recommendations (e.g. in Moore, 2005) align with general advances in pedagogy: such as inclusion of reflective discussion, or problem-based learning (PBL). Three more specific recommendations are: personal disclosure or modelling of practice by educators to assist in developing personal values of students, interdisciplinary learning (involving students from contrasting subjects) to promote "deep" and critical learning (Warburton, 2003, p. 44) , and using real-world learning to reconnect learners with reality.
E-learning
The term e-learning can encompass all electronically supported learning and teaching, i.e. networked and stand-alone. E-learning can be used to deliver information and instruction and also to encourage social participation or facilitate constructive learning activities (adapted from Tavangarian et al., 2004) . A strong body of theory and practice has established how e-learning can support good practice in undergraduate education: The principles build on key "traditions" of pedagogical thought such as constructivism, social constructivism, activity theory, and theories of experiential learning (Beetham and Sharpe, 2007, p. 8) , and stress the importance of interaction, communication, collaboration, engagement, and feedback (Chickering and Ehrman, 1996; IHEP, 2000) for studentcentred learning.
Although relevant experts (e.g., Laurillard, 2002 , Naismith et al. 2004 , and Mayes and de Frietas, 2004 have mapped relationships between different pedagogical theories and learning activities and particular e-learning technologies or tools, such mappings should be used with caution: "An important consideration is not what tool to use, but how to use it" (Littlejohn and Pegler, 2007, p. 96) . "Each activity type can be supported by more than one tool" (Littlejohn and Pegler, 2007, p. 98) . Nevertheless, we give examples of how the four key aspects of SSL could be supported with e-learning: a) Students' conceptual understanding of complex sustainability challenges could be promoted through both assimilative and productive approaches. Exposure to media documentaries can stimulate opinion and provoke debate; scaffolded enquiry processes can build understanding and knowledge. Students could develop guidance or resources to share with a community project, or use a blog for planning and reporting on action research as a postgraduate professional. Furthermore, serious games show promise for embedding SSL, by emotionally engaging students in complex sustainability issues (Scheffran, 2000; Dieleman and Huisingh, 2006) .
b) The value and potential of e-learning technologies in developing values and identity is well established. Using technologies to support dialogue within a learning community assists the development of personal identity (Mayes, 2001; Wenger, 1998; Gray, 2004) . Communication between students and academic staff via email and asynchronous discussion within a managed learning environment (MLE) strengthens student engagement and their focus on their goals (Chickering and Ehrman, 1996) . Other approaches include using e-portfolios to develop personal narratives in relation to sustainability, or using the cross-cultural debate of international online forums to develop clarity about personal values.
c) PBL (whether real or simulated) is recognised as effective in developing competence in personal skills. Examples of appropriate e-learning approaches to support PBL include internet research and data manipulation tools, communication between students and external experts or clients (including asynchronous reflective discussion or synchronous decision making), and simple approaches to authentic learning and simulation (Herrington et al., 2003) . MLEs can provide a range of support and guidance: scaffolding enquiry processes, facilitating sharing of resources and project documentation, and allowing tutor observation of project progress. Given the value of real-world learning for fostering SSL, blended modes which combine work placements or community-based learning with e-learning facilitation of independent and collaborative learning enquiries are particularly appropriate methods of course delivery.
d) Lastly, the development of student confidence can be supported by e-learning technologies in various ways. Viewing digital case studies of successful change projects can strengthen belief in the achievability of sustainability. Acting as professionals through PBL can strengthen students' self-efficacy. Also MLEs can facilitate delivery of immediate and meaningful peer or tutor feedback, and support personal evaluation of skills and abilities as part of personal development planning.
The development of e-learning continues to unfold. Democratisation of content creation and personal mobile access to content has developed over the last decade (Beetham and Sharpe, 2007) and conceptualisation of effective e-learning has broadened from narrow "content-led" approaches to become more participative (Brenton, 2009, p. 97) . As technologies become more "unobtrusive" and "ubiquitous" (Kukulska-Hulme and Traxler, 2007, p. 42) , they are likely to prove more powerful in supporting work-based and community learning.
Methodology
A review of teaching approaches was undertaken to explore the types of e-learning currently used in embedding sustainability in HE curricula. This focused on examples of practice rather than theoretical assertions, and sought recent examples (from 2000 onwards) to reflect the fast-changing developments of the field.
Examples were obtained by searching a range of sources: The search began with a few books, journals and websites with specific relevance, e.g., the Journal of Education for Sustainable Development and the Higher Education Academy's resources on sustainability (www.heacademy.ac.uk/education-for-sustainable-development). Further searches were also carried out via ProQuest, the BEI, ERIC, and Google Scholar. Search terms such as "sustainability literacy", and "e-learning" were developed in a grounded and iterative way during the search.
34 relevant examples were found. These included quality peer-reviewed articles and grey literature such as practitioner websites, and ranged from evaluative papers through to semi-formal case studies. The framework for SSL outlined above (conceptual development, identity development, skill development, and developing confidence) was used to categorise these examples according to their ability to use e-learning to support the development of different aspects of SSL. A fifth category of 'Other' was also used to cover other mentions of e-learning which were not explicit or not relevant e.g. value for money. Multiple categories were applied as appropriate.
Findings
E-learning is clearly used in many courses to help to develop SSL. The examples covered a wide range of subject areas, across undergraduate and postgraduate HE courses, and a diversity of e-learning tools was evident. By far the most common examples of e-learning tools were in providing flexible access to information (via the Intranet, VLEs, CDs etc.). The second group supported communication and collaboration (via email, wikis, group support systems, etc.). The least common tools were generic or bespoke software used to develop discipline specific skills (e.g. the lifecycle analysis of environmental footprints). E-learning is used to support the four categories of SSL in various ways:
Conceptual development. Twenty-three examples in this category demonstrated a range of e-learning approaches which included didactically informing students, provoking reflective discussion, and involving students as active co-creators of knowledge, e.g.:  PowerPoint was used in presentations to introduce concepts and exercises (Snowdon, 2007 )  Video clips were used to illustrate issues and provoke discussion (Roberts, 2007)  Students contributed to an ongoing bank of study materials (Halstead, 2007) . Unfortunately, most examples identified in this category embody more didactic, passive and teacher-centric modes of information delivery, e.g. packaged interactive training materials, web resources, and CD-ROMs.
Identity development. The eight examples identified in this category spanned three activity types (obtaining feedback on actions, publication of work and keeping learning logs), e.g.:
 An online role-playing game illustrated the impacts of different behavioural strategies (Yanarella et al., 2000)  After students developed personal eco-philosophical frameworks, a research forum allowed publication of their work (Stibbe, 2007 )  Reflective personal learning logs were used by trainee teachers (Ross and Littledyke, 2007) .
Skill development. Seven examples showed how e-learning is used to support both discipline-specific domains and cross-discipline thinking skills, e.g.:  Developing or using carbon footprint calculators fostered awareness of lifestyle impacts, and provided skills in deriving underlying data or calculations (Gordon, 2010 )  Skills in critically examining evidence were developed in combination with use of electronic resource gateways, and case studies (Chambers, 2007 )  Holistic thinking skills were fostered via an online learning community which included students and external sustainability practitioners (McEwen, 2007) .
Developing confidence. Five examples described opportunities for students to develop confidence such as by sharing opinions, publishing work, and developing skills, e.g.:  Following discussion in a private online forum, course participants published reports via a public conference system (Strandberg and Brandt, 2001 )  Students used group wikis to develop guidance on sustainable practice for a fictitious company (Payne, 2009 )  Interdisciplinary student teams used a variety of e-learning tools to research and champion practical projects in community contexts (Bacon et al., 2011) .
Other. Often the examples in this category simply mentioned e-learning for reasons which sit outside the four categories above. These included providing flexible access to information, supporting communication, valuing e-learning simply as pedagogic innovation, reducing the footprint of LTA, or evidencing reductions in students' personal ecological footprint. Although the latter may be gratifying, HE courses do not usually aim to change personal behaviour (apart from the development of professional integrity). This category also included authors who made recommendations about practice rather than providing actual examples.
The review therefore indicated that e-learning is often used in the context of developing SSL. However, there is an imbalance in tool type being used, such that e-learning is frequently used in transmissive modes of delivery rather than student-centric, constructivist modes. In addition, there was less evidence that e-learning was being used to develop students' personal identity, competence and confidence than that it was being used for more basic development of conceptual understanding. Nevertheless, more recent case studies (e.g. Pearce, 2009; Bacon et al., 2011) indicate promising developments, both in the e-learning approaches used, and in the categories of SSL addressed.
Discussion
The four developmental areas for SSL (conceptual development, identity development, skill development, and the development of confidence) have been of value in analysing current practice in developing SSL, and may also help academic staff in embedding SSL development in their practice, and particularly understanding the potential of different types of e-learning to support SSL. The examples of SSL practice illustrate the range of e-learning approaches which can be applied in the context of SSL, but we will discuss the implications of the imbalance in types of tools used, the imbalance in the aspects of SSL supported, and the quality of the case studies available.
We focus first on the imbalance in tool types. Aligning with recent pedagogic developments and e-learning research, a wide range of e-learning tools and approaches are now in use across the HE sector. Use of content-free, participative e-learning tools such as discussion boards, wikis etc., allows more effective expression and knowledge construction to take place. The imbalance in tool type in our review therefore provides a clue that the use of e-learning for SSL does not yet exploit its full potential. Although the examples demonstrated application of a wide range of pedagogic approaches to SSL, it was unclear whether the use of e-learning was underpinned by a similar range of pedagogies. These results match findings by others, e.g., in nursing and health science disciplines "engagement with e-learning was predominantly at an instructivist level" (Moule et al., 2010, p. 86) . The historical bias towards didactic information delivery or 'interactive' training resources which only allow choice and experimentation within a limited range of choices is cause for concern. However a shift away from content-led elearning is demonstrated by more recent case studies we reviewed and should foster more powerful and effective learning experiences for students.
The imbalance in the aspects of SSL being supported with e-learning is of similar importance. Although knowledge and understanding are key to recognising the need for systemic change, this will not guarantee development of the personal commitment, skills, and self-belief which are also essential. The range of examples highlighted in the findings demonstrate ways that these more advanced aspects could also be supported with elearning. Widening out the application of e-learning to encompass the development of skills, identity, and confidence would contribute immensely to the development of graduates who are capable of contributing to achieve more sustainable futures.
An unanticipated outcome of the review was the realisation that there is a scarcity of literature judging the effectiveness of e-learning in developing SSL. This may be because:
 E-learning technologies are seen as endemic and not requiring specific mention  SSL is seen as too complex, profound or personal to be addressed through elearning  Practitioners have concerns about the environmental footprint of e-learning itself.
The sources were often a-theoretical, and demonstrated what is valued by practitioners in "story-telling" about teaching practice. Most examples focused on the embedding of SSL, instead of explaining why particular e-learning techniques were chosen or commenting on their effectiveness in embedding SSL. This may have led to errors in categorisation, especially where tools and techniques were used in non-standard ways. Not surprisingly, the more transparently and successfully e-learning is embedded into the learning experience, the more difficult it becomes to partition out the contribution which e-learning makes in developing SSL.
A more in depth study into SSL teaching practice across the sector would be valuable in understanding why case studies make little mention of the effectiveness of e-learning, testing whether there is really an imbalance in the types of tools used and in the areas of SSL supported with e-learning, and in exploring the effectiveness of e-learning in developing SSL. Such research could assist more mature practice in using e-learning in developing the more advanced aspects of SSL (student identity, competence and confidence). This would fully leverage the potential of e-learning, enhance the development of blended and distance modes of course delivery for SSL, and provide opportunities for students to develop as confident professionals.
Conclusions
The review proposed a framework for analysing practices in developing SSL. Application of this framework to a range of examples of published practice identified a range of uses of e-learning tools and approaches. The majority of these, however, took the form of supporting conceptual development through didactic information delivery. However, a more mature use of e-learning tools provides many more possibilities for developing SSL than were found in the review.
We therefore make two recommendations for academic staff and educational developers looking to develop their practice and to harness the potential of e-learning techniques effectively in embedding sustainability literacy in teaching and learning. Firstly, use of elearning should be shifted towards supporting more student-centred modes of learning as these can be effective in developing difficult areas of SSL such as student identity, cognitive processes, and confidence. Secondly, use of e-learning should be widened to more effectively support the development of personal identity, skill development and professional confidence in applying skills in real-world contexts.
There is clearly overlap in these recommendations, and beneficial synergy to be gained in implementing these changes together. These pedagogical shifts could create more powerful learning experiences for students, in both blended and distance learning modes, and foster graduates who are more confident in their ability to create more sustainable futures.
Further research should be undertaken to explore and validate the issues raised by the literature review. More rigorous evaluations of the effectiveness of e-learning in developing SSL could then be undertaken, particularly to methodically explore the potential of participative approaches to develop advanced aspects of SSL.
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